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Abstract
Purpose
This is the first study to quantify potential nonresponse bias in a childhood cancer survivor
questionnaire survey. We describe early and late responders and nonresponders, and esti-
mate nonresponse bias in a nationwide questionnaire survey of survivors.
Methods
In the Swiss Childhood Cancer Survivor Study, we compared characteristics of early
responders (who answered an initial questionnaire), late responders (who answered after
1 reminder) and nonresponders. Sociodemographic and cancer-related information was
available for the whole population from the Swiss Childhood Cancer Registry. We compared
observed prevalence of typical outcomes in responders to the expected prevalence in a
complete (100% response) representative population we constructed in order to estimate
the effect of nonresponse bias. We constructed the complete population using inverse prob-
ability of participation weights.
Results
Of 2328 survivors, 930 returned the initial questionnaire (40%); 671 returned the question-
naire after1reminder (29%). Compared to early and late responders, we found that the
727 nonresponders (31%) were more likely male, aged <20 years, French or Italian speak-
ing, of foreign nationality, diagnosed with lymphoma or a CNS or germ cell tumor, and
treated only with surgery. But observed prevalence of typical estimates (somatic health,
medical care, mental health, health behaviors) was similar among the sample of early
responders (40%), all responders (69%), and the complete representative population
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(100%). In this survey, nonresponse bias did not seem to influence observed prevalence
estimates.
Conclusion
Nonresponse bias may play only a minor role in childhood cancer survivor studies, suggest-
ing that results can be generalized to the whole population of such cancer survivors and
applied in clinical practice.
Introduction
Nonresponse bias can affect inferences drawn from questionnaire surveys across different pop-
ulations, countries, and topics [1–6]. A decrease in response rates to questionnaire surveys
over the past 30 years may have increased the extent of bias and aggravated this problem [5, 7–
9]. In studies of general population samples in North America and Europe, nonresponders
were more often male, less educated, single or divorced, childless, or immigrants [5–7, 10, 11].
This underrepresentation of certain subpopulations in surveys could lead to an under- or over-
estimation of effects and estimates in results [1–6]. The biased results might then lead to flawed
decisions. For example, the relevance of psychological late effects in childhood cancer survi-
vors might be under-recognized, resulting in insufficient mental health follow-up care.
To avoid nonresponse bias, researchers try to increase the number of responders in their
surveys by reminding nonresponders in different ways. However, only a few studies, using
telephone surveys in the general population, have compared the characteristics of early
responders to late responders, who responded only after being reminded, to determine
whether the reminder calls affected prevalence estimates [9, 12]. They found that the enhanced
calling efforts increased the response rate in the survey. However, they found very little, non-
significant change in their results by including interviews with persons from whom it had been
more difficult to elicit responses.
Several large questionnaire surveys in Switzerland, the United States, Canada, and the
United Kingdom have investigated long-term outcomes of childhood cancer. Their response
rates vary, ranging between 63 and 79% [13–16], but no study has investigated nonresponse
bias. Understanding such (potential) bias would be particularly important for this population
because results inform clinical practice and influence treatment of current patients and follow-
up care of former patients.
Our study describes characteristics of early responders, late responders, and nonrespond-
ers, and estimates the effect of potential nonresponse bias on selected prevalence estimates in
this survey. To conduct our analysis, we used a comprehensive dataset of the population-based
Swiss Childhood Cancer Registry (SCCR), which contains sociodemographic and cancer-
related information for both responders and nonresponders of the Swiss Childhood Cancer
Survivor Study (SCCSS).
Materials and methods
The Swiss Childhood Cancer Survivor Study
The SCCSS is a population-based, long-term follow-up study of all childhood cancer patients
registered in the SCCR who were diagnosed 1976–2005 at age 0–15 years and survived5
years [14]. The SCCR includes all children and adolescents in Switzerland diagnosed before
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age 21 with leukemia, lymphoma, central nervous system (CNS) tumors, and malignant solid
tumors according to the International Classifications of Childhood Cancer (third edition,
ICCC-3), or Langerhans cell histiocytosis [17–19]. This analysis included all survivors aged
16 years at time of survey.
During the years 2007–2011, 2631 eligible study participants were traced with an extensive
address search procedure. Those with valid address received an information letter from their
former pediatric oncology clinic, followed by a paper-based questionnaire with a prepaid
return envelope. Nonresponders received a reminder letter and another questionnaire 4–6
weeks later. If they did still not respond, they were reminded by phone 4–6 weeks later. Letters
and questionnaires were supplied in three national languages: German, French, and Italian.
The SCCSS questionnaire is derived from the US and UK childhood cancer survivor studies
[13, 15], with some modifications, and covers quality of life, cancer history, somatic health, fer-
tility, current medication, health service utilization, mental health, health behaviors, and socio-
economic information. The questionnaire is published in the three original languages on the
homepage of the SCCR (German: http://www.kinderkrebsregister.ch/index.php?id=3709;
French: http://www.registretumeursenfants.ch/index.php?id=3859; Italian: http://www.
registrotumoripediatrici.ch/index.php?id=3917). Ethics approval was granted through the Eth-
ics Committee of the Canton of Bern to the SCCR and SCCSS (KEK-BE: 166/2014).
Outcome measure: Response to the questionnaire
We classified response to the questionnaire into three categories: early responders (survivors
who answered to the initial questionnaire sent), late responders (survivors who answered to the
first or second reminder), and nonresponders.
Available information on responders and nonresponders
We used information from the Swiss Childhood Cancer Registry to compare those who
responded to the questionnaire with those who did not. We compared gender, language
(German, French, or Italian), nationality, age at diagnosis, cancer diagnosis, cancer treatment,
relapse status, time since diagnosis, and current age. We categorized the migration back-
ground of our population into three nationalities according to the languages in which we
provided our questionnaires and letters: no migration background (Swiss); migration back-
ground, but a mother tongue of a language provided in our questionnaire (German, Austrian,
French, or Italian nationality); migration background lacking mother tongue of a question-
naire language (other foreigner).
We also linked our data to the Swiss Neighborhood Index of Socio-Economic Position
(Swiss-SEP)[20] to gain census-based, neighborhood-level information on socioeconomic
position for the whole population based on the contact address at the time of the survey. We
divided the Swiss-SEP into tertiles.
Statistical analysis
Analyses were performed with Stata, version 12.0 (Stata Corporation, Texas). First, we deter-
mined the proportion of early and late responders and nonresponders, and described their
characteristics. Second, we determined factors that predict the likelihood (propensity) of
response, using univariable and multivariable multinomial regression models; the response
status was the outcome of the analysis with being a nonresponder as baseline. Factors associ-
ated with the response status at a significance level of p0.05 in the univariable regression
were kept in the multivariable model.
Response bias in surveys with childhood cancer survivors
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Third, we used inverse probability of participation weights (S1 File) [8, 21], derived from a
logistic regression, to construct a population representative of the total eligible population of the
SCCSS in its marginal distribution of age, gender, language region, nationality, type of cancer,
and relapse status. We pooled early responders and late responders to predict the binary out-
come “responder” vs. “nonresponder” for this logistic regression. We applied this propensity
score to calculate prevalence estimates and simulate the total population with 100% response.
Finally, we used this total population to estimate the potential impact of nonresponse bias
on our results and appraised the gain of additional recruitment efforts to increase the response
rate. To do this we compared the prevalence of typical outcomes for each section of the ques-
tionnaire (somatic health, medical care, mental health, and health behaviors; S1 Table)
between early responders (40% response), all responders (69% response) and the total popula-
tion obtained from the weighted analysis (100% response). We made a priori choices of out-
comes from the questionnaire that 1) were representative of each section of the questionnaire,
2) we had already published or intended to publish, and 3) were reasonably classifiable into a
binary variable (S1 Table).
Results
Study population
We located the addresses of 2328 of 2631 eligible survivors (Fig 1). Of those we found, 930
returned the initial questionnaire (40% of 2328) and 18 declined to participate. Four to six
weeks after the first mailing we again sent a questionnaire and a reminder letter to the 1380
survivors who had not yet responded. A further 506 survivors returned the questionnaire (22%
of 2328) and 66 declined to participate. Four to six weeks after the second mailing we called
the remaining survivors for whom a telephone number was available, and 165 (7% of 2328)
returned a questionnaire. Therefore, among the 2328 survivors we located 930 were early
responders (40%), 671 were late responders (29%), and 727 who either never responded or
explicitly declined participation were characterized as nonresponders (31%). Fig 1 diagrams
the procedure by these three groups of survivors obtained from the Swiss Childhood Cancer
Registry.
Characteristics of early, late, and nonresponders
As shown in Table 1, compared to early and late responders the nonresponders more often
were male, less than 20 years old, French or Italian speaking, of foreign nationality, diagnosed
with a CNS tumor, retinoblastoma, germ cell tumor, or a Langerhans cell histiocytosis, had
only had surgical treatment, and were diagnosed less than 10 years ago. For most but not all of
the characteristics that were studied, late responders fell between early responders and nonre-
sponders. The associations (risk ratios) between predictors and the likelihood of response were
similar across the univariable model (Table 1) and the multivariable model (S2 Table). How-
ever, some factors did not reach statistical significance anymore in the multivariable model
because of small numbers in the strata language region, type of diagnosis, type of treatment,
and time since diagnosis.
Estimation of potential nonresponse bias in our study
To estimate nonresponse bias and the gain from sending out additional reminder letters,
we compared the prevalence of selected outcomes (S1 Table) of our questionnaire between
the group of early responders (40%), all responders (69%), and the representative total popula-
tion (100%, Fig 2 and Table 2). The prevalence estimates we observed in both samples of
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Fig 1. Study design and response behavior in the Swiss Childhood Cancer Survivor Study. The different procedures of the Swiss Childhood
Cancer Survivor Study and the number of participants in each step of the study.
https://doi.org/10.1371/journal.pone.0176442.g001
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responders did not differ much in any clinically relevant way from either each other or the esti-
mates we would expect in the total population. Early responders reported slightly more late
effects (38.3%, 95% CI 35.2%-41.5%) than the group of all responders (35.9%, CI 33.5%-
38.3%), and, than expected in the total population (35.7%, CI 33.3%-38.2%). Early responders
used alternative medicine slightly more often (31.9%, CI 28.9%-35.0%) than all responders
(30.0%, CI 27.7%-32.3%) or the total population (28.8%, CI 26.6%-31.1%). But responders
were less likely to be in regular follow-up (33.4% of early responders, CI 30.3%-36.6%; 33.8%
of all responders, CI 31.4%-36.2%) than expected in the total population (35.7%, CI 33.2%-
38.2%). All other estimates were substantially similar in the three groups.
Discussion
This is to our knowledge the first study to estimate the effect of nonresponse bias in a question-
naire-based study of childhood cancer survivors. We found differences in gender, language,
nationality, diagnosis, and treatment between the groups of early responders, late responders,
Fig 2. Comparison of self-reported outcomes between early responders, late responders, and a constructed complete population of the Swiss
Childhood Cancer Survivor Study. Proportions and 95% confidence intervals for typical self-reported outcomes for somatic health, medical care, mental
health, and health behaviors, comparing the observed prevalence from early responders (designated with a white diamond) and all responders (designated
with a grey diamond) of the SCCSS with the expected prevalence in the representative complete population (designated with a black diamond). We
constructed the complete population with inverse probability of participation weights (S1 File) (22). S1 Table describes how each of the outcomes compared
was assessed and classified. Abbreviations: BMI, Body Mass Index; SCCSS, Swiss Childhood Cancer Survivor Study.
https://doi.org/10.1371/journal.pone.0176442.g002
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and nonresponders, with late responders falling between early responders and nonresponders
for most characteristics. Despite this, the observed prevalence of specific outcomes in early
responders and all responders was very close to the expected prevalence in a constructed com-
plete population. This suggests that nonresponse bias plays a minor role in this survey, and did
not result in over- or underestimation of the prevalence of the outcomes we studied.
Limitations and strengths
Although we included many different variables to construct a population representative of a
100% response rate, there might be other unmeasured factors associated with participation in
the questionnaire survey and outcomes of interest. For example, we could not include current
health status, which might be relevant for this particular population of childhood cancer survi-
vors. This could be a problem regarding the assumption underlying this analysis: specific
subgroups of responders are representative for all eligible participants who share the same
characteristics. In other words, we assume that the outcome in a specific substratum of partici-
pants—for example, females, aged>40 years, with low education, who suffered from CNS
tumor and were treated with radiotherapy, without relapse—is observed at random. This
assumption would not hold in some cases. For instance, it is possible that survivors with severe
late effects and chronic health conditions were the least likely to respond to the survey and
we could not adjust for this unmeasured factor. But since late effects correlate with type of
diagnosis, treatment, and relapse, for which we did adjust, we do not think that such residual
Table 2. Comparison of self-reported outcomes between early responders, late responders, and a representative complete population of the
Swiss Childhood Cancer Survivor Study (description of the numbers presented in Fig 2).
Early respondersa (n = 930) All respondersb (n = 1601) Complete populationc
(n = 2328)
% 95% CI % 95% CI % 95% CI
Somatic outcomes
Hypothyroidism 8.2 6.4–9.9 8.4 7.1–9.8 8.6 7.3–10.1
Visual impairments 6.6 5.0–8.2 7.3 6.0–8.6 7.5 6.3–9.0
Hearing problems 7.1 5.4–8.8 7.4 6.1–8.7 7.4 6.2–8.8
Overweight (BMI >25 kg/m2) 24.0 21.2–26.9 23.7 21.5–25.8 23.3 21.3–25.6
Any late effects 38.3 35.2–41.5 35.9 33.5–38.3 35.7 33.3–38.2
Poor general health 4.3 3.0–5.6 4.2 3.2–5.2 4.2 3.3–5.3
Medical care
Regular follow-up 33.4 30.3–36.6 33.8 31.4–36.2 35.7 33.2–38.2
Frequent pain medication 11.4 9.4–13.4 11.6 10.0–13.1 11.1 9.6–12.7
Use alternative medicine 31.9 28.9–35.0 30.0 27.7–32.3 28.8 26.6–31.1
Mental outcomes
Concentration problems 8.2 6.4–10.0 8.7 7.3–10.1 8.6 7.3–10.2
Psychological distress 14.8 12.4–17.2 15.5 11.8–15.2 13.3 11.7–15.2
Health behaviors
Engagement in sports activities 64.3 61.2–67.5 63.9 61.4–66.3 64.0 61.5–66.4
Current smoker 21.7 19.0–24.4 23.0 20.9–25.1 23.1 21.0–25.3
In partnership or marriage 42.3 39.0–45.5 42.9 40.4–45.3 41.2 38.8–43.7
a Survivors who responded to the initial questionnaire (40%).
b All survivors who responded (69%).
c Constructed complete population of the SCCSS (100%).
Abbreviations: BMI, body mass index; CI, confidence interval.
https://doi.org/10.1371/journal.pone.0176442.t002
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confounding is of great relevance in this study. Furthermore, we did not find that late respond-
ers reported more health problems than early responders (Fig 2 and Table 2).
Although we found no evidence of relevant response bias in the outcomes presented, all of
which were selected a priori and represented different domains of the questionnaire, we can-
not rule out the possibility that prevalence estimates of other outcomes might be biased [8].
The studied estimates are mainly related to health and treatment and might not be generaliz-
able to other different outcomes. The same is true for the generalization of our results to other
populations, cohorts or countries because response rates of a survey are specific to the popula-
tion under study and influenced by various partly unknown factors (such as cultural and social
factors of a society).
Finally, we assessed bias in prevalence and not in measures of associations such as odds
ratios or hazard ratios. However, if the underlying distribution of characteristics is unbiased,
the resulting measures of association also should be unbiased.
Our study has several strengths. First, our sampling frame was the national Swiss Childhood
Cancer Registry, which includes all 5-year survivors in Switzerland and makes this study repre-
sentative of all childhood cancer survivors in Switzerland. Second, the detailed information
collected on the entire population in the SCCR allowed us to compare a variety of characteris-
tics among responders and nonresponders that include demographic, socioeconomic, and
clinical data. Such variables are known predictors of participation in a survey [5, 7, 10, 11], and
are also commonly used to predict late outcomes in childhood cancer survivors [22–27].
Third, we had detailed information on every step of the survey, saved in a separate study data-
base, allowing us to calculate scenarios of response behavior: we could compare participants
who answered the initial questionnaire to all responders. This allowed us to appraise the gain
of additional reminder efforts.
Comparison with other studies and interpretation of results
We know of two methodological studies on selection bias or response behavior in childhood
cancer survivors. Like ours, a 2010 study based on a request for a buccal-cell specimen found
that participants were more likely to be female and nonimmigrants, though it did not estimate
the extent of possible nonresponse bias [28]. Another recent study assessed potential bias from
nonparticipation in a clinical cohort of long-term childhood cancer survivors and compared
characteristics of participants with the whole source population [29]. They found similar fre-
quencies for most characteristics with modest differences for sex, income, home-value, and
urbanity. However, that study did not estimate the potential impact these differences may have
had on prevalence estimates.
Similar to other studies on nonresponse bias conducted in the general population, we
found that women and nonimmigrants were more likely to respond [5–7, 11, 28]. Unlike oth-
ers, however, we did not find that socioeconomic position (SEP) measured at the neighbor-
hood-level [6, 7, 10, 11] was associated with nonresponse. Our results might have been
different if we had been able to use individual-based SEP measures such as education.
Although we provided questionnaires and letters in French and Italian, survivors in the
French- and Italian-speaking parts of Switzerland were less likely to respond. These survivors
were perhaps less inclined to respond to a survey sent by a study center in the German-speak-
ing part of Switzerland. Immigrants from Germany, Austria, France, and Italy were also less
likely to respond. It is possible that they were not as interested in participating in a Swiss study;
or, they might have had problems understanding the long and time-consuming questionnaire.
We were surprised to find that older survivors and those with longer intervals since diagno-
sis were more interested in participating in the survey. We anticipated that the greater the time
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since diagnosis, the greater the number of survivors who might lose interest. It is useful to
know that this is not the case when planning studies on the growing population of very-long-
term survivors of childhood cancer [30].
Implications for practice
We found that follow-up reminders are effective. After an initial postal inquiry, a further postal
and then a telephone reminder increased the overall response rate from 40% to 69%. However,
the additional responses did not change the prevalence of the outcomes of interest we analyzed.
This phenomenon has been observed previously in telephone-based surveys that compared
early with late responders [9, 12]. A methodological study has also explained why nonresponse
does not necessarily bias the results of a survey [8]: every person is potentially either a re-
sponder or a nonresponder, depending on various characteristics and circumstances, and a
nonresponse bias may cancel out across subgroups [8, 31]. For example, a woman would be
more likely to respond to a survey, but if she is a migrant this factor is leveled off. This is useful
information for survey planners: if a budget is too low to sustain reminders that would lead to
a high response rate from a study population, results from the initial responders may still be
sufficiently representative. However, it would be helpful to test this directly in a study popula-
tion of interest by, for example, sending reminder letters to a random sample of nonrespond-
ers and analyzing the responses.
Our description of survivors who were less likely to respond may be of use as well. Some
study aspects could be modified to solicit response from populations normally less likely to
return questionnaires. For example, if questionnaires can be translated into additional lan-
guages, responses from immigrants might improve [32]. If citizenship influences response,
it might be helpful to inform participants that their reply matters whether they are citizens of
the country or not. Availability of online questionnaires and invitations by e-mail or mobile
phone text messages might increase the response of participants aged<20 years [33, 34]. The
many nonresponders who had only surgery might not see themselves as cancer survivors. A
more generally formulated information letter could help ensure that those survivors feel they
are part of the study population.
Our most important finding is that the observed prevalence of specific outcomes in the sub-
group of early responders and the group of all responders differed little or not at all from the
expected prevalences in the total population we constructed, which indicates no nonresponse
bias. The underlying true prevalences were therefore neither over- nor underestimated. This is
reassuring, when we interpret results from the SCCSS, and particularly important because
results from cancer survivorship studies are commonly applied in clinical practice such as fol-
low-up care of survivors or interventions to increase healthy behavior or quality of life [14, 26,
27, 35–39]. Based on the presented data we can be confident that the survey findings reflect the
situation of all survivors in Switzerland.
Conclusion
In our questionnaire survey, phone and mail reminders substantially increased the response
rate. Early responders differed in several sociodemographic and clinical aspects from nonre-
sponders, with late responders lying in between. But when we compared observed prevalence
in respondents to expected prevalence in a constructed total population we found no evidence
of relevant nonresponse bias in any of the outcomes we scrutinized. Results derived from the
Swiss Childhood Cancer Survivors Study can therefore be generalized with some confidence
to the corresponding population of cancer survivors in Switzerland and applied in clinical
practice.
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